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Abstract 
The licence to operate large CO2 emission sources is  challenging the power and coal industry worldwide and they 
will require technologies such as CCS to meet the expectations of the community. Overcoming the numerous policy 
and technical issues will require prompt and insightful decision processes and collaboration between governments 
and industries. Delay in achieving such outcomes will make the climate mitigation challenge that much more 
difficult to accomplish. The ZeroGen experience has shown that there are substantial challenges faci ng the future 
CCS business, which can be summarised into; community acceptance, legal and regulatory risk, commercial 
uncertainty, and capability in terms of both skills and knowledge. Unlike the oil and gas industry, the power and 
coal fossil fuel energy based industries are unfamiliar with deep subsurface technologies. To make a difference in 
terms of emissions reductions from coal fired power stations, the CCS business dealing with geological storage will 
require significant technology transfer and/or a service industry to rival the current worldwide gas industry.  
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1. Introduction 
It is well documented  and often repeated that CO2 has been injected and transported throughout parts of North 
America in associati on with enhanced oil recovery (over 30Mt CO2/year; 0.56Tcf CO2/year) for four decades. 
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However it is not commonly acknowledged that the size of emissions reductions required for the world by 2050 is 
up to five times larger than the gas industry production rate  (> 100 Tcf CH4/year) for the entire world. Thus, if 
geological storage of CO2 is to be a mainstream contributor to large scale emissions reductions for the world, the 
CCS Business (CCSB) will have to become bigger than the current world gas production industry, not just mimic 
the small scale injection activities of the EOR industry.  In a gradual response to this issue, s ince 2005 the power 
generation sector in Australia has been experiencing a metamorphosis.  It began that period focussed on power 
generation with a large emissions profile, based around predominantly coal generation , and with no knowledge in 
subsurface technologies.  However the industry is now taking an interest in Carbon dioxide Capture and Storage 
(CCS) technologies. There is no better example of this than ZeroGen Pty Ltd, which commenced a study in 2005 
(through St anwell Corporation) into the deployment of a demonstration of Integrated Gasification Combined Cycle 
(IGCC) with CCS.  Since 2006 ZeroGen, has been developing the transport and storage solution in participation 
with Shell and by working with Australian bas ed geotechnical (MBA Petroleum Consultant) and well delivery 
contractors (AGR Petroleum Services).  Shell is providing technical integration and CCS specialist skills, project 
advice and lead. Now in 2008, ZeroGen is at the forefront of geological storage and exploration activities for the 
world, and has drilled over 40% of all the wells in the world for the specific purpose of geological storage of CO2 in 
support of demonstration or commercial projects that are attempting to address  their CO2 emissions by geological 
storage. In the early years ZeroGen had to oversee and manage a major geological and geophysical exploration and 
development project in what was recognised as a high risk geological province. This has occurred in a financial 
environment where no incentives existed to allow this activity to proceed, and where the technological risk was 
high; however the political drivers were substantial. The outcome is that against all the geological odds, a 
geotechnical solution would appear to have been found for geological storage, such that the ZeroGen project is 
proceeding towards t he status of being ‘Storage Ready ’. The proposed IGCC power plant has been resized on 
several occasions in response to the changing economic, operational and demonstration requirem ents. Many side 
tracks and knowledge gaps have been traversed in the process, and a vision of a future CCSB is emerging. Other 
power generators around the world will, and must , face this transition in their business and their operations if the 
challenge of emissions reduction is going to occur at the necessary world wide scale.  
2. Background  
The ZeroGen project in central Queensland Australia (www.zerogen. com.au) has been an early mover in the CCS 
business, and has learnt many lessons along the way. ZeroGen will develop the world’s first coal gasification power 
plant that safely captures and stores carbon dioxide emissions by 201 2 whilst simultaneously developing a large -
scale plant for deployment by 2017.   ZeroGen commenced Drilling Program 1 in June 2006, with two wells drilled 
to 1500m, has finished drilling their sixth well as part of Drilling Program 2 and is about to start a short -term 
injection test in early 2009 . Stage 1 of the ZeroGen project plans to transport the CO2 by truck during its initial years 
of operation.  However as part of the feasibility study a 220 km pipeline route has been studied to connect the power 
station site at Rockhampton and the proposed injection site in the northern Denison Trough at Springsure. There are 
many outcomes from the ZeroGen experience, which can be categorised into; technical challenges and risk, 
political, policy and community engagement and support; and financial mechanisms.  Following are insights into 
and examples of some of the outcomes and experiences, and how they will impact on a future CCSB, and include 
messages such as ‘challenge the conventional paradigms’, ‘rock is king’, ‘storage ready before capture ready’, 
‘geological risk is what it is  - it can’t change’, ‘share risk’ and ‘reduce costs’.  
3. Petroleum industry p aradigm – Is it correct? 
Petroleum systems analysis and petroleum exploration and development are often considered to be the principal 
technologies and approaches by which geological storage sit es will be evaluated and assessed. However, whilst the 
skill sets and applications of technologies often follow on a parallel pathway, the precise nature of the data sets 
required and fundamental concepts of geological storage are quite often skewed and require different approaches to 
petroleum exploration. Depending on the geological site and trapping methods, these concepts can be minor or 
fundamentally different, and the emphasis placed on certain aspects (e.g. trapping integrity) can be extremely 
differ ent. A key impact on geological storage assessment is the adequacy of the data being utilised, which in the 
desk top compilation phase principally comes from previous petroleum exploration activities.  
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3.1.  Data: Quality and relevance 
Experience has shown that the data set derived from wells acquired specifically for petroleum exploration is not 
conclusively adequate for a thorough and rigorous assessment of the geological storage of CO2. Examples of why 
basing assessments of the potential for geological storage of CO 2 solely on existing petroleum data sets sometimes 
produces a very limited result, include ; the limited extent of coring (especially in the seal intervals  and in reservoirs 
where no hydrocarbons occur ); lack of sampling of the formation water outside the oil or gas leg of an 
accumulation ; poor to non -existent data of reservoir and seal characteristics away from the tops of structures (e.g. 
down dip along a migration pathway to a structure) ; inadequate sampling and analysis o f reservoir and seal where 
they are non -prospective for petroleum due to not being on a migration pathway for oil and gas; existing seismic 
data may not have been acquired or tuned for the specific intervals at which geological storage will occur . Desk top 
compilations will only ev er be guides as to storage potential and they will not necessarily contain the essential 
elements to comprehensively understand the geological storag e potential of a site, either because the data set is 
inadequate or biased in the way it was collected (for petroleum) or where it was collected (geographically, 
structurally and stratigraphically).   
3.2.  Exploration  
The paradigm is not correct that knowledge and understanding of the petroleum geology of a region is principally 
what is required in assessment of a g eological storage site. The traditional prospectivity and site risking studies used 
in the petroleum industry to understand the petroleum potential o f an area are not exactly similar to the mindset of 
the geotechnical analyst involved in geological storage . Drilling prospects for petroleum fields usually go through 
complex risk assessments on factors such as source rock and reservoir quality, timing of generation of the petroleum 
from the source rock versus the timing of the trap formation, and the quality of the overlying seal or fault seal. When 
a petroleum exploration well is drilled, either these things have been predicted reliably and worked to form a 
petroleum accumulation, or they haven’t. S ome of the factors in a petroleum system analysis occur at the well 
location site, others, such as the source rock kitchen may be deeper in the geological basin, and some could have 
been geological events that happened 100s of millions of years ago, and which are difficult to comprehend. 
Geological storage of CO2 has a benefit in that it does not have to deal with what happened in the past, such as 
perhaps the last 300 million years of petroleum generation, migration and trapping. However, it has to deal with 
what may happen in the future for migration of the CO2 and  the various interplays of reservoir and seal that occur 
away from the known well site information. Both of these aspects become speculative concepts if they rely upon 
extrapolation only, and for geoscientists it is a complex thought and probabilistic assessment process to consider so 
as to derive reliable estimates. For ZeroGen, most of its activity has focussed in areas that are locally considered 
non-prospective for petroleum,  and thus where datasets are limited or non-existent.  
 
Drilling at a storage si te will identify the type and nature of the reservoir and seal, but will not help directly predict 
the rock sequences away from the well location data point. The predictability of the rock sequences away from well 
data points are dependent on many geological and earth history factors, and will rely on methods such as seismic 
data, but its resolution will never match what is necessary. Whilst storage site identification requires less conceptual 
complexity to find than petroleum accumulations through petroleum systems analysis, which relies on the abstract 
aspects of geological time and earth processes and history, geological conditions at a storage site may never be fully 
comprehended or certain. The level of certainty at a storage site can be reduced with su bstantial data acquisition of 
core material; which has been a strategy of ZeroGen activities. The geology and geological evolutionary processes 
that exist or existed away from the petroleum well location either worked to help a petroleum accumulation form 
and be preserved, or it didn’t. This is irrespective of whether that data or history is understood or known to the 
petroleum explorer, with serendipity often playing a large role in petroleum exploration; i.e. often petroleum is 
found at the drilling locat ion, but for different reason than pre-drill deductions and conclusions. However, at a 
storage site the operator, regulator and community will want to know with as much certainty as technically possible 
what the geological conditions actually are, and what  the long term sustainability and geological integrity of a site is 
going to be. This will have to be done through a series of probability assessments. Additional data should increase 
certainty, but can’t change the geological risk; it is what it is and can’t be changed. Data will help a geologist 
understand what the risk is and how uncertain the assessment may be.  
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4. Risk management 
The ZeroGen experience shows that there are substantial risks and uncertainties facing the future CCS B with regard 
to the deployment of a secure and cost effective CCS technology, commercial feasibility, legal and regulatory 
framework, and community acceptance. Whilst stakeholder accept ance of CCS projects will in part be determined 
by how the stakeholders perceive the balance of the global warming risks caused by greenhouse gas emissions 
versus the long-term risks from the CCS operations taking place in their communities, the CCS proponent has to be 
able to manage uncertain financial exposure when deploying the developing CCS tech nology and procedures . The 
capacity for cost-effective, secure long-term storage depends substantially  on the specific characteristics of the 
storage complex into which the CO 2 is injected. Post-injection leakage of CO2 from the storage complex back to the 
atmosphere can conceivably occur through subsurface processes such as diffusion (through cap rocks) and migration 
(along fault planes and fissures ) or through operational or abandoned wells . Whilst proper selection of a storage 
complex can make leakage very unlikely, the risk of leakage cannot be fully excluded. To ensure any residual 
containment risks remain as low as reasonable possible  (ALARP),  the following best practices are suggested to be 
followed wherever possible; the storage complex selection and lay -out should largely avoid leak features or are 
detached via a safety distance; an adequate risk and uncertainty management plan is in place to manage injection 
operation and unexpected CO2 movement; a dual-barrier sub-surface storage complex is selected with a secondary  
reservoir /seal pair below the ultimate regional seal ; intensive monitoring is planned targeting potential seepage   
pathways and corrective operations are available to immobilize undesired CO2 movement ; redundancy is built into 
the design of the injection wells to allow shut -in of wells and/or areas of the injection reservoir (i.e. excess capacity). 
 
There is a consensus that the risk of leakage from capture facilities, pipelines and surface equipment c an be 
quantified. Consequently, standard operating, maintenance and monitoring practices can be designed to minimize 
leakage. These practices have been proven, although given the scale-up required for the next generation of CCS 
projects, these ‘standard’ p ractices need to be further challenged and reviewed during the design phase of a project.  
Whilst subsurface quantification and operational processes as part of the overall project management exist, which 
serves to reduce the risk of leakage occurring to ex tremely low levels, they have to be proven to be effective. Hence 
a rig orous and transparent risk and uncertainty management plan needs to be active  before, throughout, and after the 
life of the CCS asset. The high level elements of the ZeroGen risk and un certainty plan are; the identification of the 
relevant  CCS risk elements; the assessment  of their importance and impact, and; the continuous quantification of the 
uncertainties to  allow focus of the technical work to reduc e the level of unknowns to an acceptable level.  
 
The aim for ZeroGen is to responsibl y operat e and manage a CCS asset and address specific risk and uncertainty at 
the appropriate  stages of the project , i.e. feasibility prior to final investment decision, pre -operation  start -up, initial 
learning and routine injection operation, site abandonment to allow handover of a decommissioned site  to the 
regulator.  During each phase the following aspects are required to be defined : 
• Uncertainty and risk level with regard to secure l ong-term containment, excess storage capacity and acceptable 
injection efficiency . 
• Optimisation of multi -well injection system s and operation to maintain and reduce cost  
• Objectives and methods of monitoring activities, as an early warning system for potent ial  CO2 seepages and for 
initiating remediation operation 
• Routine recalibration of the CO2 plume simulation with monitoring data and update of the predictive model  
• Response to any unpredicted CO 2 behaviour and unacceptable situation  that could eventuate  
• Corrosion management of pipelines and wells. 
• Criteria by which the injection of CO 2 will be suspended, if it was found that an unacceptable health, safety or 
environmental risk was present  
• Adequate staffing and accountability plan to ensure safe and effici ent operation.   
 
A combination  of  best practices developed by the oil and gas and emerging CCS industry are being adopted and 
developed within ZeroGen so as to select and responsibly operate a technical ly and commercially feasible 
geological storage site t hat can also provide a demonstration that potential leakage risks are tolerable, and as low as 
reasonably practicable. A workable early warning detection system and adequate corrective recovery plan is 
required in the event of failures, regardless of how low failure probability predictions are determined through the 
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risk assessment process. ZeroGen’s current emphasis , until storage readiness  is declar ed, is to acquire suffi cient data 
to close knowledge gaps regarding capacity, injectivity and life-cycle con tainment and other feasibility criteria such 
as confident -bound injection well count, CO2 surveillance ability and  viable linkage to CO2 source. The project has 
already address ed most of the important aspects (reservoir geology and geophysics, existence of potable water, 
geochemical dissolution rates and mineralization, geomechanics, seismicity) in the 2006-2008 drilling investigation 
campaign and will further address key uncertainties  of the projects in the forthcoming short-term CO 2 injection test 
in 2009 and further laboratory test on the vast core material acquired in the past drilling campaign. Expert panel s 
concluded that CO2 containment integrity in the Northern Denison Trough is excellent. This opinion was formed 
due to the predominantly low permeability reservoirs into which the CO2 will be injected and the resultant limited 
horizontal and vertical movement of the CO 2 from the injection well bores and the presence of a du al -barrier sub -
surface storage system underlain by an excellent regional cap rock. T he prime storage site  selected for saline aquifer 
storage demonstration will avoid identified risk features, in particular legacy wells within produced and depleted 
areas and highly stressed areas such as naturally faulted and fractured areas. Responses to unpredicted CO 2 
migration and  the avoidance of unacceptably high formation pressures will be managed through appropriate 
monitoring and static and dynamic earth simulation models  that include the multiple container -seal system, the 
ultimate caprock, and the surrounding hydraulically connected areas . When the level of uncertainty is considered 
manageable, or if a point is reached where the uncertainty cannot be further reduced, mit igation and realization 
plans will be developed for each uncertainty, which involves; identifying indicators or ‘early warning signs’ for 
worse than expected project outcomes ; determin ing  the required monitoring technologies that would be required to 
ident ify deviations from the expected outcome; and estimating the timeframe in which warning signs may become 
evident.  
 
The curren tly envisaged monitoring, measurement and verification strategy will : 
• Carefully monitor atmosphere/surface and near-surface aquifer s for the presence of leaked CO 2 and/or tracer 
compounds, and r emediate the situation if evidence of a leakage is detect ed 
• Monitor the storage complex to detect early warning signs of vertical and lateral seepage out of the storage 
complex  (i.e. migration of CO 2 beyond the ultimate seal) or direct leakage to the atmosphere (e.g. loss of 
wellbore integrity)  if deemed necessary to activate the recovery measures that can be put in place to bring the 
potential seepage hazard under control  
• Verify and validat e the dynamic earth models in the short term to estimate the long-term behaviour of the CO2 
plume, to inform the frequency and duration of the monitoring plan and to confirm secure containment. An 
accurate model will allow a good history match and thus provide confidence that it will continue to predict the 
movement of CO2 well enough to assure future containment  
• Verify that the asset integrity of the injection system is in compliance will applicable laws and regulations . 
 
The decision of which MMV plan to follow should be based upon the containment risk assessment, use of industrial 
analogues, and discussion/agreement with the regulator. Obviously with demonstration projects that are designed to 
prove commercial scale techn ology and drive cost reduction, the req uired level of monitoring could  be somewhere 
between the all -encompassing technology trials being implemented in current pilot proj ects, and that which is fit-
for -purpose for a commercial proje ct. Otherwise, the industry will be hampered by MMV costs significantly higher 
than what good practice would suggest and certainly higher than existing perceptions.  There should not be a need to 
attempt to accurately m easure the amount of CO2 everywhere in the different storage reservoirs within the defined 
storage complex and migration pathways  at a multitude of specified time intervals, as this is considered to be 
impossible to accomplish effectively. The necessary remote measurements are subject to significant uncertainties 
and today’s technologies are too costly, even if they were all technically feasible.  Regulatory standards are being 
established in a number of countries  for geological storage of CO 2, but will have to adapt and change once 
knowledge from large scale practical projects  commence. Consideration will need to be given to ‘grandfather’ 
projects that are established early to facilitate their development and to share the inherent risk of these projects 
between regulators and operators. ZeroGen’s performance risk assessment will cover the near surface environment 
with regard to terrestrial environment (e.g. topography, soils and sediments, surface water bodies etc.), human 
behavior (e.g. land and water use, community characteristics, buildings) and as part of an environmental impact 
statement, including exposure and effects assessment and risk characterization.  
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5. Cost and innovation  
All of the storage operations are a cost on the principle development of a coal fired power station and electricity 
generation, and currently it is difficult to envisage that geological storage of CO2 would ever realise a financial 
profit. For a geological storage site, the storage capacity and the viable injection rate that can be achieved will have 
to match a fixed supply rate coming from the CO2 source (power station). Once that supply rate and pipeline 
capacity is locked in, and the required injection wells drilled, then identifying any increased storage capacity will 
have little financial benefit during the project life (i.e. the life of the power plant). It will be a requirement to have 
the storage site ready to go with all the storage capacity proven (to high certainty or with excess capacity), and all 
the necessary injection wells drilled and available from day one of the injection process, so as t o match the supply 
rate from the fully operational power station. Contingency planning will be required to drill new wells during the 
life of the project to release pressure or to overcome well bore problems at some injector wells, but other than this 
the site would have to be proven to a high level of certainty for the total volume of CO2 that is planned to be 
injected. It would not be commercially feasible to commence the project if storage capacity and injectivity is not 
proven to a high level of certainty; otherwise there is a risk of finding that adequate storage is not available for the 
power station, or that if injectivity is low, more wells would have to be drilled to match the supply rate. Given the 
infrastructure costs of the construction of a purp ose built pipeline and power station with capture technology, a 
result of having late stage large additions to capital expenses could be a potential commercial disaster.  
 
An obvious method to reduce the impact of such risk is to reduce capital and operatin g costs, and there are examples 
from the coal seam methane (CSM) industry that could be a guide for the CCSB. Early exploration for CSM in 
Australia was done by large international oil and gas companies, who routinely applied known paradigms of ‘good 
oil field practice’ for drilling and completion of wells. These involved high costs and techniques not suited to 
completion and production within coal seams. When combined with low production rates and small gas drainage 
volume from coal seams, this meant very high costs for low yield. These large companies left the CSM industry in 
Australia despite the large potential resources available. They were replaced by small lean operators, who trialled 
different drilling and completion techniques until their technology worked and costs were substantially reduced to 
match the gas production rates and well numbers. ZeroGen has been faced with issues of trying to reduce costs, in 
an activity that has no profit associated with it, whilst working in an environment of rising steel prices, skilled 
labour shortages, and high oil prices. These have all acted to drive up costs for exploration and make construction 
estimates very fluid. In response to the drilling costs, ZeroGen chose to drill some wells with much smaller and 
cheap er mineral rigs, rather than conventional petroleum rigs, and have taken over 3000m of core. This has reduced 
costs, environmental foot print and subsurface uncertainty substantially, but came with an operational limitation of 
not being able to drill as fast, or as deep, or be able to undertake the complete suite of tests that would be available 
with a petroleum rig. So like the CSM industry, the CCSB will have to be innovative in terms of technologies and 
approaches and drive down the costs of operation.  
 
Concomitant with the need to reduce costs is the need to share risk (cost) with other operators. The oil and gas 
industry routinely works in joint ventures in exploration and production developments in an effort to reduce their 
financial exposure in view of the geotechnical risk of exploration. Normally only a few wells in ten is successful and 
with well costs often exceeding $50 million (offshore), sharing risk is crucial for a company’s survival. The power 
generation industry must learn that drilling a d eep well comes with significant technical and geological risk, and that 
most of the exposure to failure of the entire CCSB is at the geological and subsurface phases of operations. Power 
generators will need to combine resources and share risk to seek out the ‘best sites’; i.e. those with high integrity and 
large storage capacity, that will provide sustainable and high injection rates and provide permanent storage. I f the 
subsurface knowledge is not fully assessed and the uncertainty is not reduced to very low levels, then the entire CCS 
operation is exposed to significant risk of failure. ’Storage Ready before Capture Ready’ should be the prime 
objective of the CCSB.  
6. Infrastru cture – Pipelines and hubs  
Over the last century, the oil and gas industry has repeatedly shown that the first fields found in a basin are usually 
the biggest and most productive accumulations. It will be the same for geological storage sites. In order to reduce 
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uncertainty, better understand the geotechnical risk, and share costs, the ’best sites’ will rapidly emerge as the areas 
that the CCSB focus upon. To get to the ‘best sites’ may mean that poorer, less certain and higher risk sites are 
bypassed and/or several potential ‘best sites’ are explored and appraised simultaneously, ensuring that at least one 
will fulfil the required technical and commercial project criteria. The poorer sites may be cheaper in terms of 
transport costs if they are closer to the emission source, but they will end up being far more expensive and risky if 
they threaten the entire operation of the CCSB. A failure at a ‘cheap site’ could be catastrophic for political and 
public acceptance of CCS. Where source sink matching is not ideal due to sub-optimal local geological conditions, 
as occurs in many black coal b asins, large diameter long distance pipelines will be required to reach viable storage 
sites. Individual power station operators will need to offset infrastructure costs and geological risk, especially given 
the uncertain financial environment. Common user access, sharing of costs and joint ventures (as in the oil and gas 
industry) will become normal operations for a CCSB to thrive. A future CCSB will thus involve a series of 
interconnected pipelines that link many CO 2 sources together and deliver high volumes of CO2 to the ‘best sites’. 
Not only will this ensure public acceptance, but the unit costs for transport and storage of CO2 will be substantially 
reduced. If a few of the ‘best sites’ are de veloped and managed appropriately, it will also lower regulator costs, 
reduce monitoring measurement and verification (MMV) costs and constrain and reduce the impact of long term 
liability on the CCSB.  To achieve these outcomes will require construction o f long pipelines from power station 
locations to the storage sites. Pipelines of up to 3000km are not unusual in the oil and gas industry, but these are 
driven by market forces and long term profit from sale of methane to large industrial and residential markets. No 
market exists for CO2, so one financial model is that these pipeline costs must be shared between the CCSB and the 
beneficiaries of the outcomes from this activity; which is the community. In the 1800s, governments around the 
world constructed l arge expensive railway systems so as to open up areas for development. In the 1930s to 1970s, 
major dam construction projects were undertaken around the world to secure water supplies for energy production 
and for industrial and residential consumption. The costs associated with these nation building projects are 
equivalent to what is required to establish a CCSB in each country utilising coal as an energy source, and 
governments around the world need to work with the CCSB to establish the large infrastruct ure projects that are 
required for CCS to realise its potential.  
7. Financial incentives/d isincentives 
In the case of CCS from the power generation sector the costs associated with the activity must be paid for by the 
generator and the revenue for this must come from the electricity market.  In Australia, where the electricity market 
is deregulated, there is no surety of income for the generator, with  a ‘pool price’ set for all by the last generator 
dispatched.  Dispatch is based on the generators bid to the market operator, with the lowest bid plant dispatched 
first.  The higher bid plants are despatched less frequently, known as peaking plant, and rely on periods of market 
volatility where the price is high to generate sufficient revenue to provide the inves tor a return.  In the current 
environment with increasing costs of construction over the last few years , it will be difficult for any new plant to 
compete with the installed fleet of generators in the market.  Any new generation plant with CCS will have a higher 
capital cost than one without this ability.  To enable such a plant to compete in the highly volatile electricity market 
against the  installed fleet , t he levelling factor, the price for Carbon permits, needs to ensure that sufficient revenue 
is gen erated from the market to not only offset the cost associated with the activity of CCS, but also the premium 
associated with the more recent cost increases.  If this is not the case, then the large scale CCS generators will be 
relegated to competition for only the growth in load and ‘peaking’ duty, and are likely to struggle commercially  both 
in the short and longer term unless the existing market structures are altered, or additional policy measures are 
implemented to assist early movers .  
8. New technology p remiums 
New technology premiums have three drivers, risk, manufacturing cost and plant performance; all of which are 
mitigated as the scale of deployment increases. The cost associated with the transport and storage of CO2 will need 
not only to reflect the cost of the required assets and their operation, but the level of risk the proponents bear or are 
perceived to bear.  Risks are perceived as higher in the early years of deployment of any technology.  The impacts of 
this perception are widespread, impacti ng on all aspects of financing, including insurance and legal costs, for the 
early movers.  It is highly likely that mechanisms other than the carbon market will be required to assist the 
deployment of sufficiently large scale plants to reduce this premium. A higher unit cost of generation is a result of 
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reduced plant output as a function of poor initial reliability and availability.  The ‘shake down’ period for any new 
technology can be a number of years, and performance may never reach the desired levels for the first generation of 
equipment. Early plants will require some level of additional intervention by the operator and suffer a resulting 
reduction in the saleable product and an increase in the unit cost of production.  The early generations of the new 
technologies are not optimal and following plants will benefit from their learning’s and experience gained through 
early deployment programs.  It is highly likely that mechanisms other than the carbon market will be required to 
assist the deployment of su fficient large scale plants to reduce these premiums.  
9. Community engagement 
A key principle for geological storage of CO2 is the need to engage with and bring the local and regional community 
along with decision processes that occur in any subsurface injection and storage development. This requires 
engagement with the community in all phases of the development of a project; from its inception to its potential 
future handover to regulators.  Emissions reductions utilising CCS technologies is a financial cost to the power 
generation industry, its customers, and ultimately the entire community. Whilst subsurface activities engaged in by 
the oil and gas industry (such as enhanced oil recovery with CO 2 injection) are correctly described as mature 
industries, the injection of the volumes of CO 2 required to meet the emissions reduction necessary is not mature. 
Given the perceived technological risk associated with such an activity, the community will want to, and must, be a 
key stakeholder. T he community need to be informed of the technology decision s and developments that are made at 
any given storage site, and they should share in information of the successes and the failures as the technology 
develops. If they are not intimately involved in such processes, then groups will form that rightly criticise the CCSB 
for lack of involvement and knowledge of what is occurring. 
 
ZeroGen has been very active in collaborating with and engaging with the local communities of southeast 
Queensland, and have funded and undertaken pioneering research of educating and polling the community on CCS 
as the project has developed. Success of projects around the world, both at pilot and commercial scale, will be 
measured on all their key criteria, not just of the technological innovati ons and cost reduction measures which they 
achieve, but also by the level of acceptance that they develop within the wider community to the future CCSB. 
Without community acceptance, widespread adoption of CCS technologies will struggle to achieve the prom ise that 
it needs to urgently deliver for large scale emissions reductions.  
10. Conclusions 
In the very near future, investment decisions on CO2 storage will be based around the supposition that emission 
reductions are going to, if not have, become a licence to operate for many industries. Thus certainty for a CO2 value 
may be less of a consideration, and what may become paramount for a project is access to affordable, proven, safe, 
high integrity and reliable storage opportunities that will deliver permanent storage. What sort of policy and 
financial environment will be required for a CCS operator to be willing to lock in a price for storing CO2 that relates 
to a commercial endeavour that lasts for 30 to 50 years of injection, and may be just as long in time for monitoring, 
measurement and verification? Assuming that there are fiscal arrangements in place to make such predictions or 
guarantees reliable for the future, then what level of certainty will be required from the subsurface data and analysis 
for a comp any to make a decision to proceed with a project?  
 
The ZeroGen  project is trying to deal with those uncertainties by acquiring as much real rock data as they can (6 
wells and 3000m of core) to use in their extensive studies and modelling, and so alter the shape of a probability 
distribution curve to make the decision  about technical and commercial viability more certain than can be done with 
pre -existing data sets.  
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